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LAVE AND WENGER'S SOCIAL PRACTICE THEORY AND TEACHING AND 
LEARNING SCHOOL MATHEMATICS 



Jill Adler, University of the Witwatersrand 

In this paper / argue that Lave and Wenger’s social practice theory offers a very powerful language 
for understanding knowing and learning about and the practice of teaching. However, this theory 
does not transfer unproblematically into knowing and learning about the practice of school 
mathematics. This argument arises within a study on teachers ’ knowledge of their practices in 
multilingual mathematics classrooms, a study that requires theorising knowledgeablility of school 
mathematics teaching, that is, of both ' teaching ' and ' school mathematics’. The implications of 
this argument for research is that Lave and Wenger's social practice theory needs elaboration if it 
is to successfully illuminate learning and knowing school mathematics. 

INTRODUCTION 

Lave and Wenger's theory of social practice (1991) has recently gained currency 
in PME. It has been invoked to examine, describe and explain mathematics 
learning in school (See, for example, Jaworsky, 1994; Meira, 1995). In this paper 
I will elaborate Lave and Wenger's theory and argue why their notion of learning 
through participation in communities of practice appropriately and powerfully 
illuminates learning and knowledge about teaching. But a shift into school learning 
raises questions about what constitutes a community of practice, and hence about 
theorising the learning and knowing of mathematics in school within social practice 
theory. 

SITUATING LEARNING IN PARTICIPATION IN COMMUNITIES OF SOCIAL 
PRACTICE 

Lave (1991 ) and Lave and Wenger (1991 ) situate learning in communities of social 
practice. Building on Lave's earlier work on situated cognition (1985; 1988), they 
develop a theory of social practice - what they call 'legitimate peripheral 
participation in communities of practice' (LPP). LPP can illuminate how teachers 
learn about teaching, their knowledge about teaching and provides a theoretical 
orientation to teachers' knowledge that incorporates the personal, the practical and 
the social. 

Briefly, a theory of social practice emphasizes the relational interdependency 
of agent and world, activity, meaning, cognition, learning and knowing. It 
emphasises the inherently socially negotiated character of meaning and the 
interested, concerned character of the thought and actions of persons-in- 
activity...ln a theory of practice, cognition and communication in, and with, 
the social world are situated in the historical development of ongoing 
activity, (pp. 50-51) 

For Lave and Wenger, becoming knowledgeable is a simultaneous and ongoing 
fashioning of personal and professional identity within a community of social 
practice. Learning is located in the process of co-participation, and not in the heads 
of individuals. This is thus a social theory of mind where meaning production is 
taken out of the heads of individual speakers and located in social arenas that are 
at once situationally specific and in the broader society. In Lave and Wenger's 
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terms, knowledge about teaching is thus fundamentally tied to the context of 
teaching, and cannot be abstracted out. Knowledge about teaching is also dynamic 
and simultaneously personal and social. 



'Legitimate peripheral participation' (LPP) is the conceptual bridge between the 
person and the community of practice. As people participate in communities of 
practice so they become more knowledgeable in the practice, they move from a 
position of 'newcomers' to becoming 'old-timers' with greater mastery of the 
practice and with all the conflicts, contradictions, changes and stability that entails. 
LPP is a means of explaining both the developing identity of persons in the world, 
and the production and reproduction of the community of practice. Here is a 
conceptual framework for integrating the personal and the social in describing and 
explaining teaching. 

For Lave and Wenger, social practice, and not learning, is their starting point. 
Learning is rather a dimension of any social practice. It is at once subjective and 
objective through a focus on whole person-in-the-world. Learning is increasing 
participation in communities of practices and concerns the whole person acting in 
the world. This is in sharp contrast to dominant learning theory which is 
concerned with internalisation of knowledge forms and their transfer to and 
application in a range of contexts. Knowing is thus an activity by specific people 
in specific circumstances. Identity, knowing and social membership entail one 
another. Thus 'learning is not a condition for memberships, but is itself an evolving 
form of membership' (p.53). Knowing about teaching and becoming a teacher 
evolve, and are deeply interwoven in ongoing activity in the practice of teaching. 
Knowledge about teaching is not acquired in courses about teaching, but in 
ongoing participation in the teaching community in which such courses might be 
a part. 

This view of knowledgeability opens another way of understanding teachers' roles 
in developing knowledge about teaching. Debates on the 'teacher-as-researcher' 
often polarise researchers and teacher-researchers, with arguments about what 
constitutes research, and, moreover, what knowledge about teaching in fact 
affects practice 1 . Lave and Wenger's social practice theory clearly identifies 
teachers as a crucial source of knowledge about teaching. 2 

Lave and Wenger distinguish between peripheral and full participation where both 
are legitimate but different forms of participation in the practice and both are 
constantly changing. Full participation signals mastery in the form of full 
membership in the practice rather than an endpoint in learning/knowing all there 
is to know about the practice. The process of moving from peripheral to full 
participation thus requires a 'decentering' of mastery and pedagogy away from the 
individual master or learner and into the structuring of resources in the community 
of practice (p.94). Learning and mastery are a function of how resources are made 
available. For Lave and Wenger understanding participation and learning requires 
a focus on the learning curriculum, and not the teaching curriculum. It is neither 
teaching intentions, nor planned pedagogy that can both enable and explain 
learning. Rather, the social structure of the practice and conditions for legitimacy 
define the practice and possibilities for learning. 





Peripheral and full participation provide a means for distinguishing new and older 
teachers, as well as for distinguishing within newer or older teachers in such a way 
that those that remain more peripheral teachers are not so simply because they are 
'poor'. This might well be the case, but must be seen in relation to a teacher's 
access to resources in the social structure of teaching. The concept of 
transparency elaborates this point. 

TRANSPARENCY 

For Lave and Wenger, becoming more knowledgeable, entails having access to a 
wide range of ongoing activity in the practice - access to old-timers, other 
members, to information, resources and opportunities for participation. Such 
access hinges on the concept of transparency (p. 1 00). 

'The significance of artifacts in the full complexity of their relations with the 
practice can be more or less transparent to learners. Transparency in its 
simplest form may imply that the inner workings of an artifact are available 
for the learner's inspection. ..transparency refers to the way in which using 
artifacts and understanding their significance interact to become one 
learning process, (p.102) 

Becoming a full participant means engaging with the technologies of everyday 
practices in the community, as well as participating in its social relations. Thus, 
access to and use of artifacts in the community is crucial. Often material tools, 
artifacts -technologies - are treated as given. Yet, often they embody inner 
workings tied with the history and development of the practice - these need to be 
made available. 

Lave and Wenger elaborate 'transparency' as involving the dual characteristics of 
invisibility and visibility: 

... invisibility in the form of unproblematic interpretation and integration (of 
the artifact) into activity, and visibility in the form of extended access to 
information. This is not a simple dichotomous distinction, since these two 
crucial characteristics are in a complex interplay, (p. 102) 

In other words, the invisibility of mediating technologies is necessary for focus on 
and supporting the visibility of the subject matter. The notion of transparency 
connects with the implicit and explipit in pedagogical relations. The implicit can 
enable a focus of attention on the subject matter. But for effect, it must make the 
subject matter visible. Often, again for cultural reasons, implicit pedagogical rules 
can obstruct rather than enable the visibility of subject matter. It is the implicit 
rules that become the object of attention, rather than the subject matter. 

In short, practices that are more or less transparent can enable or deny access to 
the practice - enable/legitimate or obstruct/prevent peripheral participation. 
Through transparency, members can exercise control and selection into the 
practice. Thus, the explanatory burden for learning - and here learning about 
teaching - is placed in cultural practice, in the community of teaching, and not on 

o 



one kind of learning or another. Increasing participation and hence 
knowledgeability is not about connecting theory and practice, or experience and 
abstraction, but rather entails the organisation of activities in teaching that makes 
their meaning visible. 

LEARNING TO TALK 

In addition to transparency, legitimate peripheral participation also involves learning 
how to talk (and be silent) in the manner of full participants. For newcomers then, 
the purpose is not to learn from talk as a substitute for legitimate peripheral 
participation, it is to learn to talk as a key to LPP. Unpacking these concepts 
related to talk. Lave and Wenger distinguish between talking within and talking 
about a practice. Full participation in a community of practice means learning to 
talk, and this entails talking about and within the practice (p 109). Talking about 
the practice from the outside is what often constitutes formal learning (eg. theory 
of education in teacher education) where student teachers learn to talk about 
teaching from outside the practice. For Lave and Wenger this is achieved through 
a didactic use of language, not itself the discourse of teaching practice, and thus 
creates a new linguistic practice all of its own. 

Talking within and talking about practice thus need redefinition (p. 1 09). Talking 
within a practice itself includes both talking within (eg exchanging information 
necessary to the progress of ongoing activities) and talking about (eg stories, 
community lore). Inside the shared practice, both forms of talk fulfil specific 
functions: engaging, focusing and shifting attentions, bringing about co-ordination 
on the one hand; supporting communal forms of memory and reflection as well as 
signalling memberships on the other. 

Talking about a practice also usually involves both talking within and about - but 
in Lave and Wenger's terms, the effect of this talk is not full membership of the 
practice - because it is happening from the outside - it is rather what they call 
'sequestration' and an alienation from, or prevention of access to, the practice. 

We know only too well from teacher education courses that a prospective 
teacher's ability to write a good essay on what is good teaching - where 'good 
essay' is signalled in the practices of the academy - often bears little relation to 
good teaching in practice. 

Knowledge about teaching is thus not simply in individual teachers' heads: it is 
tied to their identities and evolves in and through co-participation in the practices 
of the teaching community. Teachers, particularly if they have been in practice for 
some time, are more or less knowledgeable about their practice (teaching) 
depending on the community, their access to its resources - particularly to 
activities related to talking within and about the practice, and to the transparency 
in the practice. 

It is this conception of teacher knowledgeablility that that has shaped my own 
study of teachers' knowledge of their practices in multilingual mathematics 
classrooms.' Teachers have knowledge to share about teaching mathematics In 
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multilingual mathematics classrooms. Moreover, a study that wishes to access 
such knowledge should then include teachers talking about and within their 
practices. In short, Lave and Wenger provide a theoretical orientation, with design 
implications, for a study entailing teachers' knowledge. 

However, a study of teachers' knowledge of the teaching and learning of 
mathematics in school needs also to theorise the learning and knowing of school 
mathematics. Does Lave and Wenger's social practice theory transfer from 
apprenticeships and other communities of practice like Alcoholics Anonymous and 
teaching into school mathematics learning? 

SHIFTING INTO SCHOOL LEARNING 

Lave and Wenger develop their understanding of learning as part of social practice 
through contexts of successful learning - apprenticeships. They explicitly turn 
away from the school because learning as intended in schools has been not only 
been unsuccessful for so many, lack of success has also been socially distributed. 
In addition, the formal school has been the dominant and determining domain of 
learning theory, yet it is not the only context of learning. 

Instead of teachers and learners we have old-timers - knowledgeable others in a 
community of practice - and new-comers whose knowledge and identity evolve 
through centripetal participation in the practice. They elaborate the importance of 
transparency in the practice and access to resources for newcomers becoming 
knowledgeable and fashioning a successful identity. I have argued that this 
conceptualisation of learning within social practice assists the theorising of 
knowledge about teaching - how teachers learn about teaching. How does Lave 
and Wenger's conceptualising transfer to theorising learning mathematics (for 
example) in school? In Lave and Wenger's own terms this question is important: 
school is a specific social context, involving different social practices to contexts 
of apprenticeship. 

A shift into school learning, raises a number of questions: What/who is the 
community of practice in school mathematics? What is the community that 
teachers are old-timers in? mathematicians? mathematics teachers? Or are older 
students, or mathematically schooled adults the old-timers here? and where are 
they in relation to the teachers? and pupils? What are pupils newcomers into? 
What might constitute legitimate peripheral participation in the mathematics 
classroom and towards what is the centripetal process of participation? becoming 
a mathematician? a mathematically schooled adult 3 ? 



Lave and Wenger offer a general theory of social practice in which learning is 
always a part. However, there are clear difficulties moving into the context of 
schooling. In school, students remain students until they leave. No matter how 
much mastery they might have achieved, only a few, after school, might become 
their mathematics teachers and even fewer mathematicians. Moreover, their 
teachers - however mathematical - are not, in the context of schooling, practising 
mathematicians. There is also a labour intensity in an apprenticeship model that 
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does not transfer easily to mass schooling conditions. Thus, while Lave and 
Wenger's intentions are for a general theorising, and they attend, at moments, to 
the specificity of schooling (pp, 39-41), they, in fact, sidestep difficulties in using 
their conceptualisation to interpret and explain teaching and learning in school. 

Difficulties in interpretation can be located in their privileging the structure of the 
practice rather than the structure of pedagogy as the source of learning. 
Motivation, identity, conflict, power relation all reside in the community of practice 
and will work in different ways to enable centripetal movement to full participation 
or constrain it. This is why for them, learning is only understood in relation to a 
learning rather than a teaching curriculum. But in so doing, and despite their own 
commitment to move away from dichotomies, they insert a new and equally 
problematic dichotomy between teaching and learning. 

It is useful to ponder for a moment that in Russian for example there is only one 
word - obuchenie - that describes teaching/learning. In other words there is no 
learning without teaching and vice versa. The teaching/learning relation is a hugely 
complex one. It is as fundamental a problem in teacher education as it is in 
school learning. Dominant teacher education practices are structured in both the 
academy and in the school itself - a combination of a formal and an apprenticeship 
context. The success of this combination and the relative merits, weightings, 
contents and processes of the two parts remain the focus of ongoing research and 
debate. Lave and Wenger's theory of social practice shifts the problematic away 
from theory/practice dichotomies and questions of transfer and encourages us 
rather to examine the resources made available in different contexts of teacher 
education and their possible effects. 

I have argued that while Lave and Wenger provide a framework for understanding 
teachers knowledge and identity, their social practice theory is not 
unproblematically transferable to school learning and teaching. They have, 
nevertheless, constructed useful concepts that could provoke interesting insights 
into learning and teaching mathematics in school. Specifically, access and 
sequestration, the availability of learning resources, transparency, and their 
distinction between talking within and about a practice are easily read into the 
pedagogical relation in maths teaching in school, and are thus useful to explore 
further. 



In relation to transparency, and, for example, in a study on mathematics learning 
in multilingual settings, language - and specifically speech - functions as a tool in 
the classroom. A great deal of classroom communication occurs through speech. 
Speech is thus a resource where, in Lave and Wenger's terms, invisibility and 
visibility are in constant interplay: speech should be invisible so that the subject 
of inquiry - a mathematical problem, say - can be engaged i.e. become visible. But 
language is a cultural tool and never unproblematic. In and of itself, it can mediate 
the activity in the course of action. For example, a group of learners working on 
a problem communicate through verbal speech, gestures and so on. This 
communication is supposed to make the problem more visible, more accessible. 
But the social relations in the discussion and the discussion itself can become the 
object and focus of attention, particularly if it occurs in a mix of languages. That 
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language Itself can become visible, mediate activity so as to obscure the task 
rather than make it visible seems fairly obvious in a multilingual class. Thus, what 
Lave and Wenger powerfully illuminate is that resources for learning, like language, 
can enable or exclude. Depending on how they are used, resources can enable 
access to the practice or sequester participants. 

For Lave and Wenger, becoming knowledgeable in a practice entails learning to talk 
within and about the practice, and not learning from talk. Yet a great deal of 
literature of language and learning is about both * learning to talk and learning from 
talk. But Lave and Wenger's distinction between talking within and about is useful. 
First, it links with distinctions between talk as exploratory/expressive vs talk for 
exhibiting/displaying knowledge. What might this mean in a maths classroom? In 
classrooms where there is a move to more exploratory problem-solving 
mathematical practices, students often work together on tasks, and then report on 
their working to others in the class and to the teachers. While on tasks, pupils 
could be said to have opportunity for talking within their mathematical practice. 

Then, and either to the teacher, or other pupils or both, they talk about their 
mathematical ideas. Thus they are being provided opportunity to learn to talk but 
a question begging is: given the distinct practice that is school mathematics - that 
classroom talk has its own form and function (Mercer, 1995), how then are pupils 
apprenticed into this talking? And what happens in classes where children have 
a range of spoken languages? In short, what Lave and Wenger's theorising of 
learning does not explain, is the specific demands of apprenticeship into school 
mathematics, and its necessary focus on the structure of pedagogy. 

Within a social theory of mind, that is sharing some basic assumptions with Lave 
and Wenger, there has been a great deal of research, theorising and debate on the 
mediation of mathematical knowledge in school. It is way beyond the scope of 
this paper to elaborate fully here. Briefly, however, more sociological arguments 
draw on the work of Paul Dowling (See, for example, Davis and Coombe, 1995) 
and the importance of the discursive elaboration of mathematical knowledge in the 
classroom for access or apprenticeship into mathematics as opposed to widespread 
alienation. Here, mediation of mathematical knowledge via the everyday and the 
emphasis on procedural knowledge in the curriculum come under scrutiny. More 
psychologically oriented research has focused on the question of meaning where 
both children's meanings and socially constructed mathematical knowledge are 
important in the pedagogical situation. Alienation is a function of the suppressing 
or ignoring of learner meanings. Informed by both neo-Piagetian and socio-cultural 
theory, here, quality and effective mathematic learning and teaching in school 
involves a blending of both self- and other-mediated activity, between scaffolding 
a task and providing for creative responses to a task, between teaching and 
learning (see, for example, Cobb, 1994; Confrey, 1994, 1995a, 1995b). 

CONCLUSION 



In short, explaining access to or sequestration/alienation from school mathematics 
requires an understanding of the structure of pedagogy. Lave and Wenger's social 
practice theory falls short here. My own study of teachers' knowledge of their 
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practices in multilingual mathematics classrooms combines social practice theory 
with socio cultural theory for a full and effective elaboration of knowing, learning 
and teaching mathematics in school. 
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This paper seeks to explore the tensions between the roles of teacher and 
research, and between different styles of research activity, through the 
detailed study of accounts of a particular classroom incident. Personal 
obse nations and reflections are used [ following the style of the Discipline 
of Noticing (Mason, 1994), to consider what may be learned from these 
tensions to inform the activities of both teaching and researching. 

Introduction 

The subject of this paper arises from personal experiences of my involvement in a 
long term school-based research project. I am concerned to try to explore the 
tensions between the role of teacher and the role of researcher in ways which may 
shed light on my effectiveness in both roles. The literature on educational research 
abounds in texts on classroom observation, and on the teacher as researcher 
(Hitchcock and Hughes (1995), Hopkins (1993) and Hammersley (1986) are typical 
examples). What is less easy to find is any literature which deals with the researcher 
as teacher, or with the boundaries between the two roles in the classroom. My 
interest here is not in the macro level of research design, but in the micro level of 
individual interactions in the classroom. The activity I am engaged in is very much 
‘researching from the inside’ employing the Discipline of Noticing (Mason (1994)). 

The research context 

The research project I am working on is concerned with exploring the effects of 
high levels of access to portable computers on children’s mathematical learning. It 
is based in a primary school, involving children aged 6 to 1 1 years. Our research 
takes place mainly in normal classroom settings with a whole class of children. The 
activities used arise as far as possible from the normal work planned for the class, 
but with input from the researchers (myself and Dave Pratt) to extend and enrich 
the mathematical ideas involved through the use of appropriate software. 

In the early stages of the project, we worked with three classteachers 1 over a period 
of two years. It was an important part of the project design that this period would 
be one of considerable professional development for the classteachers, in terms of 

1 The term ‘elasstcacher’ is used throughout to denote the regular members of die school stall involved in the 

project. This is distinguished from ‘teacher’, which refers to the person taking the role of teacher at a particular time. 
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both their confidence with computers, and their knowledge of mathematics, in 
which none of them were specialists. We also planned activities with them in school, 
and visited their classrooms regularly to observe and collect data. 

During this time we developed good professional relationships, and became familiar 
with each other’s approaches to teaching. Without the friendship which built up 
between the project team during this period, much of the classroom- based research 
which we undertook would have been very difficult to carry out, particularly as the 
classteachers were working in areas which were largely new to them. It was as 
important that we had confidence in each other as teachers, as that the classteachers 
trusted us as researchers. Although our main interest is in cognitive issues, studying 
how children’s mathematical learning is affected by the use of the computer, our 
data was collected largely through a more ethnographic approach, observing 
lessons, collecting examples of children’s work, interviewing teachers and children. 

During a later, more intensive, phase of the project, we were able to work full time 
on the project for one year. Each of us attached to one class during a school term, 
teaching mathematics and science for 3 half days per week. The timetable was 
arranged so that the other lecturer was able to act as a researcher during these 
lessons. The classteachers were generally present during the lessons, sometimes 
working alongside the ‘teacher’, and sometimes acting as a second ‘researcher’. 

Thus the roles of teacher and researcher were clearly defined for us within any 
particular lesson, but the transitions between roles was frequent. It is this 
experience of acting both as a teacher and as a researcher which has focused my 
attention on tensions involved in the relationship between the two roles. 

Conflicting perceptions of a classroom incident 

I shall work mainly on a single incident which had a significant effect on my 
awareness of the tensions arising from perceptions of classroom roles. Data has 
been drawn partly from aspects of the data collected as part of the main project: 
from field notes taken by researchers, and the journals kept by lecturers and 
classteachers. The incident took place at an early stage in the project, before the 
intensive period of work described above, and involved a classteacher, whom I shall 
call Martha, and both lecturers. 

Martha was using laptop computers with her class for the first time, working on a 
data handling activity which had been planned jointly with other members of the 
project team. The children had gained reasonable confidence with the machines, and 
Martha had introduced the question 4 What affects how a toy car rolls down a slope?’ 
We have reported elsewhere on some of the children’s work on this activity, and on 
the classteacher’ s own insights about the approach to collecting and handling data 



(Ainley and Pratt ( 1 994, 1995)). The following sections give three different views 
of activity in the classroom during a particular week. 

Janet’s story 

Visiting the classroom, 1 tried to take a back-seat, allowing Martha to take the lead 
in the lesson. 1 sat with groups of children, taking field notes oh my own laptop. 
Extracts from my notes reflect my attempts to record my observations without 
getting drawn into ‘teaching* or solving technical problems. 

Tm sitting at a table ; but because I'm writing on the machine and looking at 
the screen I feel more invisible than I would with pencil and paper. ... It's 
very hard not to get drawn into problem solving , so I have come away to 
three pairs of girls working in the book comer. ... The girls with the 
extended ramp I watched on Tuesday are busy testing , with a fine disregard 
for accuracy. They are holding the ramp in place , but not noticing that they 
keep moving it. They have so much information to collect about each car that 
it is a very long process. ... Some of the ramps are so steep that they cannot 
record information easily. (Janet’s notes 9301 14) 

Both the style of the activity and the use of the technology were new to Martha and 
to the children, and so it was understandable, and for me expected, that there would 
be some time spent exploring less profitable approaches before much progress was 
made. However, as time went on my notes reflect some anxiety about how the 
activity was developing. 

About 2.15. Some [groups]are still typing in their field names. Most have 4 or 
5 records at most. Martha is stressing that they need lots of data , but in 
practice this is going to take a long time. I'm not sure how much data 
handling is going to happen . (Janet’s notes 9301 14) 

Re-reading my notes evokes a strong sense of the discomfort 1 felt at this point. As 
a researcher, 1 felt frustrated that time was passing and nothing very interesting 
(mathematically) was happening. I was aware that 1 had other calls on my time 
which might prevent me seeing later stages of the activity. 

At the same time the part of me that is a teacher felt that 1 would have done things 
differently, that the lesson was losing momentum and that the children needed some 
clear direction in order to move on. However, I was very aware that it was not my 
classroom: I was not the teacher, and had a strong sense of an etiquette which did 
not allow me to intervene. I was not sure how clear Martha’s mathematical and 
scientific understanding of the situation was. At this point in our relationship I often 
found it hard to read her reactions, as a previous journal entry indicated. 
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My heart sank a bit at Martha's introduction , which was very brief. ... I 
would have wanted to let them play with the cars first, and then spend more 
time discussing possible variables , ... However, as things progressed I revised 
my opinion. ... I must be careful not to underestimate Martha! (Janet's journal 
930112). 

In the classroom, my tensions were soon resolved. 

As usual, just as I was wondering if Martha has realised things are going a bit 
awry, she came and talked about it. ... Martha feels a bit at sea. I'm going to 
try talking to the whole group ... (Janet’s notes 9301 14). 

Stepping into the role of teacher made me feel much better. I was able to take 
control of the direction of the children’s work and pull together ideas for their 
future investigations, even though I was not going to be there the following day to 
see the results, in a fairly short discussion I felt that they had made some progress. 
Although I had had some worries about how things were progressing in Martha’s 
classroom, I felt at this point that the situation had been partially retrieved. I 
discussed the situation with Dave, my colleague, who would be making the next visit 
to Martha’s classroom. 

Dave’s story 

Extracts from Dave’s journal and field notes indicate how the next lesson 
progressed, but also give some insights into a different perspective on the roles of 
researcher and teacher. Dave is prepared to intervene more explicitly to influence 
Martha’s planning, though like me, he finds that he has possibly underestimated her 
perceptiveness about the situation. 

Yesterday Janet worried me by her report of the previous day. It seems that 
Martha had found problems helping the children through the scientific process 
involved in the experiments ... Janet and I decided that I would get in early 
and try to talk to Martha about how the children might be focused more and 
that this could result in them using the spreadsheet instead [of the 
database] which they would find easier. In practice, Martha herself had come 
to much the same conclusions. (Dave’s journal 9301 15) 

As the lesson progressed, with children now working with spreadsheets to 
investigate the effects of just one variable, Dave seems to see his role as being a 
teacher as much as being a researcher. His field notes are all written in the past 
tense, describing incidents that have taken place, and in which he has been involved, 
rather than trying to record events as they happen. Dave intervenes directly to show 
children techniques on the computer, and also takes the initiative in suggesting to 
Martha how the activity might proceed. 
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Larger groups were formed by merging all those who wanted to do the same 
thing. There were two weight groups, one surface group, and one ramp 
height group . ... / had talked to Martha about the need to keep all other things 
the same. In fact then they might as well use spreadsheets. Martha was unsure 
about how to use the spreadsheet. However , after l had shown one group, she 
was clearly much happier and was able to see how to teach the other groups. 
(Dave’s notes 9301 15) 

Despite the fact that Dave and I regularly looked through and discussed each other’s 
field notes, these differences in research style did not become apparent to us. Our 
attention was generally focused on what the children had done, and issues to do with 
the mathematics or the technology. It was only at a later stage, when we were both 
acting in the roles of both teacher and researcher, that I began to reflect on and then 
explicitly discuss the tensions raised. However, Martha herself was much more 
perceptive about our approaches. 

Martha’s story 

For Martha, this incident was something of a turning point, at which she might 
easily have rejected the project because of the pressures it was putting upon her. She 
reflected her conflicting feelings openly in her journal, despite knowing that we 
would eventually read it. 

Tm not sure what to say about today. At the moment l feel clearer again about 
the situation but at 2.30 this afternoon l felt confused and very dissatisfied 
about the whole thing, and wishing l had never heard of lap-tops. (Martha’s 
journal 9301 14) 

With typically disarming honesty, she also commented on our behaviour. 

/ do feel that this phase of the project is being approached differently by Dave 
and Janet. Janet is really sitting back and taking on the role of the observer 
rather than supporter, helping only when l am desperate. I wonder why? 
(Martha’s journal 9301 14) 

/ felt much clearer this morning about the task for today and the way ahead. 

... I talked things through with Dave before we started and he seemed to think 
my plan was workable, and that we, both the children and myself needed to 
go through that rather busy and confused stage. I realised that l definitely had 
learned a great deal. ... I wonder if Janet allowed me to go down the wrong 
path intentionally? ... I felt much more comfortable with Dave taking a more 
active role with the children. With Janet, when she is just observing, l feel as 
if l am as much the guinea pig as the children and the computers are - (l know 
I am really) but it feels as if I'm on teaching practice. (Martha’s journal 
930115) 
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Reflections 



At first, I found reading Martha’s journal hurtful. It presented an image of myself 
which I did not recognise, and which I felt was unfair. Now that we know each 
other much better, Martha and I have been able to discuss this incident several times 
with good humour: it has become known as ‘that Thursday afternoon’. 

Returning to her written comments now, I am struck again by their perceptiveness, 
heightened perhaps by contrast to my lack of it. As a researcher, 1 made a 
deliberate attempt not to intervene or take any part in the teaching or organisation 
of the lesson. I had, wrongly, assumed that she might feel threatened if 1 behaved 
like another teacher in her classroom, ignoring other connotations of my behaviour. 

Martha also comments on differences in the ways in which Dave and 1 acted in the 
role of researcher in the classroom. These differences became more apparent to me 
when I was being a teacher, with researchers in my classroom. In simplistic terms I 
would characterise two research approaches, reflected in Martha’s comments, as 
those of observer and experimenter , illustrated briefly in the table below. 



Observer 


Experimenter 


• passive - monitoring activities, but • 
not intervening, using the teacher as 
an agent 


active - intervening to make an 
input to the activity, to see what 
happens 


• trying to record everything, • 

without too much filtering 


focusing on recording what is most 
interesting 


• holding back - not wanting to • 

invade the teacher’s territory 


getting involved - fitting into the 
territory by behaving like a teacher 


• minimising the effect of the • 

researcher 


deliberately acting as a catalyst 



These are not intended as clear-cut categories. Certainly neither Dave or 1 feel our 
behaviours fitted entirely into one column or the other, but the polarisation serves 
to expose the often subtle distinctions more clearly. The two styles are also seen 
more clearly in the context of the reactions of teachers to the presence of the 
researcher. 

We saw earlier that Martha felt more comfortable with an experimenter in her 
classroom than with an observer. One story I can tell for this, in retrospect, is that 
an observer reminded her of being assessed (even though the observer’s attention 
was on the children), while an experimenter felt like having another teacher 
working alongside her - a familiar situation which had positive associations. 

As a teacher, I sometimes felt resentful of an experimenter in my classroom: I felt 
that my control of the overall direction of the lesson was being undermined. In 
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discussion, Dave (as a teacher) has reported times of frustration at the presence of 
an observer , feeling that without active intervention on the part of the researcher to 
move children's thinking on, opportunities were being missed. 

As a researcher, my reactions to the styles of observer and experimenter are less 
clear-cut. I often feel uncomfortable as an observer. To watch children's activity 
and not join in feels false, unnatural. I have a sense that I am not doing anything. 
(This feeling has resonances in the experience of standing back as a teacher to assess 
what is happening in the classroom. There may be echoes here of Martha's reaction 
- why isn't she helping?) However, at another level, I know that what I am doing is 
important. The significance of children's words and actions are not always 
immediately apparent: it is only through detailed and uncritical observation that 
they can be captured. Mason (1994) stresses the importance of ‘giving an account 
of before ‘accounting for'. As an observer I have this model in my head. I try - 
often unsuccessfully - to record incidents without judgement. 

There is an attempt here to eliminate the researcher from the research context: to 
create an invisible, neutral monitor, keeping the subject of the research ‘clean’. This 
image is appealing; clinical, efficient, ‘correct*. There is a sense in which we would 
perhaps all like our research to be seen in this light. However, in our project the 
researchers were not neutral observers, but active participants in shaping the 
research context. Whatever we did or did not do in the classroom, we had been 
involved in planning the activities that the children worked on, often giving quite 
explicit models to the teacher as to how a new stage of the activity should be 
introduced. In this sense, assuming the role of observer in the classroom was to 
some extent a pretence. 

In contrast, I often find acting as a experimenter when I am in the classroom more 
comfortable: I feel I am doing something, and getting some responses to my actions. 
There is a great satisfaction in making a comment or asking a question, and 
recording the effects on children's activity. I find the role of experimenter 
seductive: I use the word deliberately to convey both the pleasure and the lingering 
sense of unease. It is this unease which I want to explore further. 

The rationale which Dave and I have discussed for acting as an experimenter is that 
we have already set up the learning situation and want to see its effects. Specific 
interventions in the classroom are made as a result of observing children's progress 
and judging that they are in need of further input to challenge or extend their 
understanding. Having made the intervention, the researcher can then withdraw to 
observe the effects of the intervention. The tension for me lies in the discipline 
required to make this withdrawal. Once I begin to intervene, I find myself 
becoming a teacher. 
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Having begun by looking at the interactions between researchers and teachers, I end 
by looking at the relationship between the researcher and the teacher in myself. My 
mental image is of stepping across a line between two areas of activity. Sometimes 
the step is deliberate; sometimes inattentive wandering. Once I step over that line 
and begin to be a teacher, I find it hard to act effectively as a researcher. I have an 
investment in the children’s success, and I am looking for evidence of this. I stop 
seeing and hearing what they really do so clearly. Children generally don’t feel able 
to say when they have had enough of my intervention: indeed they may be happy 
for me to carry them along my line of thinking. The purpose of my intervention as 
a researcher will probably be different. I want to have an effect, but to do as little 
as possible, leaving space to listen to the children. I may ask for the children’s 
assent to my intervention, and try to leave them the freedom to ignore it. 

Far from leading me to feel that I must deny my identity as a teacher in order to be 
an effective researcher, I see the skills that I have as a teacher as crucial in enabling 
me to frame such interventions effectively. At many levels, I can not stop being a 
teacher when 1 am in school. To be an effective researcher (and perhaps also an 
effective teacher) I believe that I need to be aware of the attractions and constraints 
of both roles. 
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This research studies the different methods students use to carry out 
algorithms for differentiation and integration. Following Krutetskii, it might be 
conjectured that the higher attainers produce curtailed solutions giving the 
answer in a smaller number of steps. However, in the population studied 
( Malaysian students in the 50th to 90th percentile), some higher attaining 
students wrote out solutions in great detail, so little correlation was found 
between the attainment of students and the number of steps taken. On the other 
hand , the higher attainers had less fragile knowledge structures and were 
significantly more likely to succeed. But with problems that can be simplified 
by a non-algorithmic manipulation before using a standard algorithm, the 
higher attainers were more likely to use some form of conceptual preparation. 



Introduction 

In his renowned study of the different problem-solving styles of children, Krutetskii 
(1976) showed that, of four groups (gifted, capable, average, incapable), the gifted were 
likely to curtail solutions to solve them in a small number of powerful steps, whilst the 
capable and average were more likely to learn to curtail solutions only after considerable 
practice, and the incapable were likely to fail. This may be related to the strength of the 
conceptual links formed by the more successful students in their cognitive structure 
(Hiebert and Lefevre, 1986) which helps the individual utilise knowledge in an efficient 
and powerful way. 

The brain is a huge simultaneous processing system that must filter out most of its 
activity to be able to focus attention on a small amount of data for decision making 
(Crick, 1994, p. 61). Therefore the ability to code information efficiently — to make 
appropriate links between concepts and to develop methods that economise on 
processes — is likely to increase the brain’s capacity to perform mathematics. 

Davis (1983) suggested that at least two kinds of procedures exist: a visually moderated 
sequence (VMS) and an integrated sequence. In a VMS, the whole sequence is not yet 
apparent and the student carries out a manipulation to produce new written information 
which is then operated on in turn until the problem is solved. In an integrated sequence, 
the student is aware of the whole algorithm built up from smaller component sequences. 

Hiebert and Lefevre et al (1986) contrasted procedural and conceptual methods of 
processing mathematical information. Following Dubinsky (1991) and Sfard (1991), 
who focused on the way in which process becomes encapsulated (or reified) as mental 
object, Gray & Tall (1991, 1994) introduced the notion of procept: the amalgam of 
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process and concept represented by the same symbol. They hypothesised that less 
flexible thinkers see the symbol more as a process to be carried out using fairly inflexible 
procedures. The more flexible thinkers are hypothesised to view a symbol both as a 
process to do mathematics and a concept to think about. Evidence with young children 
doing arithmetic showed that whilst the less successful clung to (often idiosyncratic and 
inefficient) counting procedures, the more successful not only showed flexible ways of 
thinking conceptually, but also often chose more efficient procedures to carry out 
required processes. 

In this study we consider a population of students solving problems involving standard 
algorithms in differentiation and integration. Three groups, each of twelve students, were 
selected attaining grades A, B, C respectively in recent examinations. Following 
Krutetskii, one might hypothesise that the more successful make sophisticated links to 
reduce the manipulation involved and curtail their algorithms to make them more 
effective, whilst the less successful are likely to use more rigid procedural methods that 
have longer and more fragile connections which may break down. However, the 
population studied does not fully reflect these hypotheses. It consists of Malaysian 
students following degrees involving mathematics taken from the 50th to the 90th 
percentile of the total population (because the highest attaining 10% travel abroad to 
study). It was found that in this population there was little correlation between 
attainment and curtailment of solutions (because the higher attainers included those who 
wrote out painstakingly detailed solutions). The major difference between higher and 
lower attainers in standard questions was that the low attainers had more fragile 
connections in their knowledge structure and were more likely to break down. 

However, the higher attaining grade A students were more likely to show the capacity to 
use subtle initial simplifications to simplify the overall manipulation required. Specially 

1+* 2 

designed problems, such as finding the derivative of — j — benefit from an initial 

conceptual preparation to make the differentiation algorithm simpler to apply. Those 
who fail to carry out a conceptual preparation and tackle the problem using the standard 
algorithm may not only be applying a more complex algorithm, but have to follow it up 
with a more complex post-algorithmic simplification. 

It was found that in certain questions, higher attainers were more likely to use conceptual 
preparation than lower attainers. On other occasions where the preparation required was 
more subtle or the gain was not so obvious, their confidence in symbolic manipulation 
led some high attainers to use a standard method even when they were aware of a 
possible alternative. Just as with the more successful children in arithmetic, who would 
confidently use efficient procedures when they did not immediately recall the relevant 
number facts, the more successful calculus students developed a powerful combination 
of conceptual and procedural methods whilst the less successful were often faced with a 
more difficult manipulation and therefore were more likely to fail. 
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Curtailment of solutions 



A crude method of determining the degree of curtailment of a solution process is to 
count the number of steps carried out by the students. Some students may begin with the 
given formula, others may write a simplification as their first line. The latter case needs 
to include the implicit simplification in the first line in the line count. In addition, the 
final form of the solution is often written in a conventional manner, and when a student 
writes a solution which is not yet in this form, a note should be made that to attain the 
canonical form to be comparable with other students may require one (or more) further 
steps. 

The following tables show typical solutions of the integration problem 



J Vi? dx. 



for the number of steps given in each column. (Each column may represent slight 
variants, but the most common solution is written out.) Some solutions do not end in the 

conventional form +c, so these could be considered as requiring one more step 

to attain standard form for the sake of comparability. 



Grade A students all responded correctly and their solutions vary in length from two to 
six steps (the latter possibly being equivalent to seven steps if the last line were further 
simplified to its conventional form). (Table I.) 



Typical solutions of grade A students 


All responses correct (12) 


1 student 


2 students 


5 students 


2 students 


2 students 


= V3^-(2) + r 
5 


r* 

= V 3y(2) + f 
2V3 , 

= X + c 

5 


J(3at’ )* etc 
= ^jx'dx 

2i/3 } 

= jr 

5 


= JV3(.»r J )</r 
= V5J x K dx 

5 


Infix' dx 
= |(3 x 3 )*dx 

= |3 4 (xV<& 

= 3 4 jx 4 dlx 
J 

= V54- + C 

T 

= -y/3 x jx 4 + c 

= V5| x 4 + c 


2 steps 


3 steps 


4 steps 


5 steps 


6 steps 




(including unwritten 


(one solution 




Both in non 




first line ) 


non -conventional) 




-conventional form 



Table I : Grade A student responses to an integration problem 
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Grade B students produced many errors, with five correct and seven incorrect solutions. 
Amongst the correct responses, three used four steps and two used six steps. (Table 2.) 



Typical solutions of grade B students 


Correct responses (5) 


Errors (7) 


3 students 


2 students 


2 students 


3 students 


2 students 


= V5fx 2 dx 

2V3 * 

= x + c 

5 


dx 

= j (3x i )^dx 
= j 3* x*dx 

= 3*jVdv 

( n 

= 3< T - 

= 3*.|.x*+c 
= |V3 + c 


JV3 7dx 
= J(3.r Ydx 

>f 

% 

_2(3,f 

3 


JVtc 1 dx 

- J(3r 3 )*4v 

Let u - 3r 3 

— = 9x 2 
dx 

dx-fL 

,/(«)* 

= — L f u^du 
9x 1 

-Wh 

_ 2 u* _ 2(3x J ) 

” 27x 2 +C ~ 21 x 1 
_ 6x } _ 2 

2n7 9 X 


I 'fix' dx 
= 1 3x*dx 
= 3 1 x*dx 
= 3A2/ 5 
= %x* + c 


4 steps 


6 steps 


Overgeneralisation 
of integration 


Mixture of substitution 
and direct integration 


Algebraic 

Misconception 



Table 2: Grade B student responses to an integration problem 



Grade C students have only four correct solutions but one has only 2 steps, one has 3 
steps and two have 4 steps. (Table 3.) 

From these solutions of students in grades A, B, C we note that the higher attainers in 
grade A are all successful but vary considerable in the number of steps taken. Grade B 
students are less successful (5 out of 12) and the correct solutions vary from 4 to 6 steps. 
The grade C students are even less successful (4 out of 12) and the four successful 
students have solutions varying in length from 2 to 4 steps. It cannot be asserted that 
there is any clear pattern between curtailment and attainment. However, there is a clear 
diminution in lower attaining students successfully completing the problem. The 
difference between the performance of Grade A and Grade B is statistically significant 
using the x 2 -test with Yates correction (p<0.01), and between Grade A and Grade C even 
more so (p<0.0025). The zero entry in the Grade A failures greatly biases these results, 
nevertheless the differences are clearly striking. 
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Typical solutions of grade C students 


Correct responses (4) 


Errors (8) 


J student 


1 student 


2 students 


3 students 


2 students 


3 students 


J •Jlx'ih 

= JV 5r\fr 

= V3— J* +r 
5 


J V 3.v ’ dx 
= j VltV 
Vlr* 

+ c 

% 

= |>/3.c* + f 


= V3j.v^, 
2V3 > 

= x +c 

5 


H ii * — • 

© if y 
2 s & 

+ 


J yfiP dx 
= (3-<V 

u = 3a j 
«* 

= — + c 
= |ii*+c 
= f(3,f +C 
= 2jr* + c 


- j(3x } )*ck 
= 9j(x 3 )*dx 

= 9 v y 

[ J 

r (a- 3 ) k i 

= 9 OJ- +c 
= 2|U J )*] + c 


2 steps 
Non- 

conventional 

solution 


3 steps 


4 steps 1 


j Over- 
generalisation of 
direct integration 


Mixture of 
substitution and 
direct integration 


Algebraic 

Misconception 



Table 3: Grade C student responses to an integration problem 



Conceptual Preparation 

When the manipulation involved in using an algorithm becomes more complex, it may 

be possible to devise alternate methods to simplify the solution For example, the 

-> 

1 4* x* 

problem to determine the derivative of — , — using the standard algorithm for the 

x~ 

derivative ol a quotient involves the student needing to use the formula in a cumbersome 
way and then simplifying the result: 




x 



rfy ^jOU 2 )- (2.0(1 +* 2 ) 2x i -2.x-2x i 2x 2 

rix (J\ l 4 4 ~ 3 

U ) x xx 

However, if the expression is first simplified as x' 2 + 1 then its derivative is straight 
away seen to be -2x , affording a considerable reduction in processing. Students may 
shorten their solutions in various ways, for instance, the initial simplification might be 
conceived as a succession of formal manipulations: 



0 



, 2 . 2 
1 + a* 1 a yi . 

2 — = — 2 — 2 “ + I • 

AAA 

However, often students compress this further to a single written step: 

1+a 2 -2 , 

— ~ — = a +1. 

X 1+* 2 

Some do this by reading the symbol — — as two fractions in this way: 

, x 

1 + x“ 

i i 

x ‘ . x ' ■ 

1 A 

translating — immediately as x ~ 2 , then writing — as +1, to perform the simplification 



1 + A 



in a single composite step. 

Out of thirty six students, twenty of them simplified the expression — j 
carrying out the differentiation, for example by writing: x 



before 



-2 . 

y — x + 1, 



dy 



-2 



— = -2a 
dx jr 3 

Fifteen students failed to conceptually prepare and so led to a more complex version of 
the algorithm and the need to perform more simplification afterwards. All but one 
student were successful in this task, the remaining student making a single slip by 
writing a *+’ sign in the numerator of the quotient algorithm instead of a sign: 

dy 2je(je 2 ) + 2-v(1 + jt 2 ) 2jt 3 +2jt + 2jt 3 4jt 3 +2x _ 4 2 

Hx~ (x 1 ) 1 ~ x 4 / 



The students in the various grades performed as follows: 



Students' 

grade 


Conceptually 

prepared 


Post-algorithmic 

simplification 


No further 
simplification 


A 


10 


2 


0 


B 


6 


6 


0 


C 


4 


7 


1 


Total 


20 


15 


1 



Table 4: Student responses to a differentiation problem 



Here the number carrying out conceptual preparation reduces from 10 out of 12 in grade 
A to only 4 out of 12 in grade C! Using a y} test with Yates correction, this is significant 
at the 5% level (with p=0.038). The numbers involved are small and the differences 
between groups A and B and between B and C are not statistically significant. 
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